Objective Adiposity rebound (AR) or BMI (body mass index) rebound refers to the increase in BMI following the minimum BMI in early childhood. Early AR (before age 5) is predictive of adult obesity. To determine how 4 domains -demographics, maternal BMI, food security, and behavioral characteristics -may affect timing of AR.
T he prevalence of obesity is high among children across the US, but Latino children experience disproportionate risk. In the 2011-2012 National Health and Nutrition Examination Survey study, the risk of obesity was approximately double for 2-to 5-year-old Latino children compared with all children in this age category. 1 Children of Latino farmworkers may have even greater rates of obesity. 2, 3 Typically, body mass index (BMI) increases throughout the first year of life and declines to a nadir around age 6 years. The second rise in BMI following this minimum marks the beginning of the adiposity rebound (AR). In 1984, a French study first noted that early rebounders (before 5.5 years of age) had substantially increased adiposity at age 16 years compared with children who rebounded later. 4 The association between early AR and subsequent obesity has been demonstrated repeatedly, [5] [6] [7] [8] [9] and increased fat deposition has been confirmed with dual-energy x-ray absorptiometry scans. 10, 11 Early AR also is linked to other components of the metabolic syndrome, including insulin resistance, 12 diabetes, 13 dyslipidemia, 12, 14 and elevated blood pressure. 12, 14 Although the onset of AR initially was attributed to an increase in fat mass, 4 recent research suggests that AR coincides with a cessation of fat mass decline and an increase in lean mass. 15, 16 An increase in fat mass actually may lag behind 2-3 years, particularly for boys. 17 Therefore, a more accurate term for AR would be "BMI rebound." The term AR should thus be construed to represent an increase in BMI, with an understanding that increase in fat mass may lag behind the increase in lean mass.
This study sought to determine the extent to which modifiable risk factors for obesity and other characteristics influence the timing of AR. We hypothesized that children with risk factors for obesity, such as a high caloric intake and sedentary lifestyle, are more likely to rebound early.
Methods
This analysis included 248 families enrolled in the Niños Sanos study, a longitudinal 2-year study of dietary and physical activity patterns of young children of Latino farmworkers in North Carolina. Eligible participants were self-identified Latinas with a co-resident child aged 2.5-3.5 years and at least 1 member of the 
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household engaging in farm work during the previous year. Children with special healthcare needs limiting physical activity were excluded.
A site-based sampling plan with a large contact base was developed to recruit participants. 18 "Sites" are organizations or locations with which members of the target community are associated, such as Head Start programs and community health centers. Community data collectors also conducted door-todoor recruitment in Latino neighborhoods and farmworker camps and contacted previous study participants.
A bilingual data collector screened for inclusion criteria, explained study procedures and incentives, and invited eligible families to take part. All participants provided signed informed consent. The Wake Forest School of Medicine institutional review board approved the study, and a certificate of confidentiality was obtained from the National Institutes of Health.
Study staff interviewed participants at baseline and every 3 months for 2 years. All interviews were conducted in Spanish in participants' homes or another preferred location between April 19, 2011, and July 30, 2014. Compensation of $10 was provided for each interview. Children's weight was measured with a Tanita model BSB800 digital scale (Tanita Corporation of America, Inc, Arlington Heights, Illinois) capable of determining weight to the nearest 0.1 kg. Height was determined twice with a portable stadiometer with the child shoeless. If the 2 measurements differed by more than 0.5 cm, another measurement was taken and the 2 closest values were averaged.
Physical activity data were collected with Actical accelerometers (Mini Mitter Company, Inc, Bend, Oregon) at baseline, 3, 6, 9, 12, and 24 months. Each device was attached to an elastic belt positioned above the child's iliac crest. 19 The parent and child were oriented to proper placement and usage of the device and written instructions with illustrations also were provided. Children were asked to wear the belt for 7 days and only remove the device for swimming, bathing, and sleeping. A successful wear day was defined as including at least 8 hours of wear data. Eighty-five percent of children provided at least 5 days of data including a weekend day.
Dietary data were collected by bilingual staff members using three 24-hour recalls during a 7-day period, including 1 weekend day and 2 weekdays. The Nutrition Data System for Research software (version 11, University of Minnesota, Minneapolis, Minnesota) was used. 20 The first recall was conducted face-to-face, and subsequent interviews were conducted by telephone or in person when possible. Mothers were given a printed serving size guide, and the interviewer measured the size or volume of their child's usual bowl, plate, and cup to help facilitate calculation of serving sizes. For children enrolled in preschools or daycares, food intake data were collected directly from the caregivers.
BMI at every observation was plotted for each child. Onset of AR was determined via visual inspection. Visual inspection has advantages over the use of polynomial models. 21 If the minimum BMI occurred after age 5 years or at the last observation, there was no indication of early rebound. If the minimum BMI occurred before age 5 years, the remaining data points were examined to determine whether sufficient rise in BMI had occurred to constitute a definitive rebound. We stipulated that, after the minimum, BMI must increase at a rate of at least 0.2 units per year, determined by linear regression of the remaining points. This threshold was set to account for the possibility of measurement error and random fluctuation, based on the recommendations of other studies. 6, 11 If the AR occurred before 3.5 years of age, the child was classified as having a very early rebound. Children whose BMI increased steadily since the first observation were assumed to have already rebounded. If rebound occurred between the ages of 3.5 and 5 years, the child was said to have an early rebound. Given the timeframe of the study, all rebounds were identified before age 5 and were therefore very early or early. Children without evidence of rebound were considered nonrebounders. A subset of children had growth data that could not be classified, because of insufficient data. We specified that at least 4 observations were necessary to make a classification and that at least 2 observations had to occur after the minimum to establish a trend. Representative growth trajectories for each classification are shown in Figure 1 (available at www.jpeds.com). Although some studies suggest girls' BMI rebounds earlier than boys' BMI, 5,9 because of conflicting evidence, 22 overall growth curve similarities, and the loss of statistical power when dividing the sample by sex, boys and girls were not considered separately.
Standard Centers for Disease Control and Prevention growth charts were used to determine age-and sex-specific BMI percentiles for children. 23 Overweight was defined as BMI ≥85th percentile but <95th percentile and obese as ≥95th percentile. Normal BMI was defined as <85th percentile.
Food security was measured at baseline and quarterly for each household by the use of a Spanish-language adaptation of the 18-item US Household Food Security Survey Module. 24 Food security was graded 1-4 for participants, with 1 = very low, 2 = low, 3 = marginal, and 4 = secure.
The Revised Children's Diet Quality Index (DQI), 25 specifically developed for use among preschoolers, was used to evaluate quality of children's dietary intake at baseline, 12 months, and 24 months, using data from the three 24-hour food recalls at each time point. This index uses 13 dietary components, such as added sugar and fat intake, to determine diet quality. The range of possible total scores extends from 0 to 90, with greater values indicating greater quality. 26 Accelerometers were initialized with 15-second time periods known as epochs, which provided data to determine minutes spent performing activities of varying intensity. 19 Epochs with fewer than 12 counts of activity were labeled sedentary, and epochs with more than 714 counts were classified as moderate/ vigorous activity. The total number of epochs in each category was divided by the number of observation days to derive average minutes per day for each activity.
Mothers' height and weight were measured using the same procedures as their children. Mothers reported their own age and the child's age and sex. Mothers reported their current employment and marital status, and education, in terms of years completed. If the mother reported either parent moved from THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 184 place to place to perform farm work, the family was classified as migrant; otherwise, they were classified as seasonal. Each mother reported whether she and her spouse/partner had documents allowing legal residence in the US. If either had documents, the household was considered to have legal residence. Energy intake was calculated as average total calories consumed per day from the 24-hour recalls.
Statistical Analyses
data with the use of predictors from the 4 domains. For the dependent variable, 2 classes of BMI rebound were used-nonrebounder and combined very early/early. This was necessary because in the ordinal linear mixed effects (logistic) model, the proportionality assumption in a 3-category (very early, early, and nonrebounder) model states that the ORs across 2 consecutive rebound classes are equal, which is not necessarily valid. The mixed effect model accounted for dependency between repeated measurements from the same individual. All statistical tests were 2-sided with significance levels set at .05. All analysis were conducted in SAS v9.4 (SAS Institute, Cary, North Carolina); the program PROC GLIMMIX was used in the longitudinal analysis.
Results
At baseline, 248 families were enrolled in the study. Age and at least 1 BMI measurement were available for 245 children, who comprised the initial pool of subjects. Retention was high, with only 15 families lost to follow-up and 12 families withdrawing over the course of the study. On average, 86.3% of families completed each quarterly assessment. Twenty children had fewer than 4 measurements of BMI and were excluded from the study, resulting in a final sample of 225 children. The majority of mothers had less than a high school education, and 42.9% had 6 years or less of schooling (Table I ; available at www.jpeds.com). Most were born in Mexico (86.1%) and married (90.2%). Most families worked in seasonal agriculture (72.7%) as opposed to migrant work, and only 15.1% of families had at least 1 parent with documentation allowing legal residence in the US. Children were split evenly in terms of age and sex, and almost all were born in the US.
Forty-one children (18.2%) were classified as having a very early AR (<3.5 years of age). Ninety children (40.0%) demonstrated early rebound (between ages of 3.5 and 5 years). Fiftynine children (26.2%) were considered nonrebounders, and 35 children (15.5%) had unclassifiable growth curves for which the presence or absence of AR could not be determined with certainty.
Children across categories were similar in terms of BMI at baseline, ranging from 17.1 in nonrebounders to 17.7 in early rebounders (Figure 2) . At baseline, WAPCT was slightly greater in very early and early rebounders compared with nonrebounders and the inconclusive group. At the end of year 1 and year 2, BMI and WAPCT declined for nonrebounders. In contrast, BMI and WAPCT increased at year 2 for very early and early rebounders, with the biggest increase seen in the very early rebounders-BMI of 18.1 and WAPCT of 79.8. Over the course of the study, the proportion of children with obesity increased significantly among early rebounders (Table II) . Despite being fairly similar at baseline, at the end of year 2, 67.5% of very early rebounders and 56.6% of early rebounders were classified as overweight or obese vs only 27.5% of nonrebounders. Very early and early rebounders were compared with nonrebounders across 4 domains that may affect timing of AR (Table III) . Demographic variables included sex, age, mother's marital status and education, documentation status, and status as a seasonal or migrant farmworker. Maternal BMI was considered to be a proxy variable reflecting the child's genetic predisposition for obesity. Food security was intended to represent household environment, and behavior was represented by DQI, daily caloric intake, and minutes per day spent sedentary or engaged in moderate-to-vigorous activity. Few significant differences were noted, with the exception of age, documentation status, and maternal BMI. Very early rebounders were on average 3 months younger than nonrebounders and early rebounders were on average 4 months older than nonrebounders. Nonrebounders were more likely to be part of documented families (25.4%) compared with early rebounders (8.8%). Mean maternal BMI was 31.4 for both very early and early rebounders vs 28.4 for nonrebounders.
A generalized linear mixed model was used to determine whether variables in any of the domains predicted early AR (Table IV) . Greater maternal BMI predicted early rebound (P < .01), as did greater caloric intake (P < .05). For every 1-unit increase in maternal BMI, a child was 15% more likely to have an early rebound. For every 100 additional calories consumed, a child was 22% more likely to have an early rebound. Female children also were more likely to undergo early rebound (P < .05). Limited maternal education (<7 years) was associated with a greater likelihood of early rebound (P < .05). The interaction between maternal BMI and sex also was significant (P < .05). Minutes of moderate-to-vigorous physical activity and DQI were not included because of consideration of multicollinearity with other terms.
Discussion
Children classified as early and very early rebounders demonstrated a markedly elevated prevalence of obesity even within the short time frame of the study. Approximately two-thirds of children with classifiable growth curves experienced BMI rebound before age 5 years, an important difference relative to many other studies. The original French study linking early AR to obesity showed that only 30% of children experienced AR before 5.5 years of age. 4 In a New Zealand study, average age of rebound was 6.6 years for boys and 6.0 years for girls. Energy intake indicates daily caloric intake/100. OR >1 indicates greater likelihood of being in early rebound class; reference class is shown in parentheses.
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A more recent cohort study done in the United Kingdom indicated 72.8% of participants rebounded after age 5 years.
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In contrast, the relatively early AR seen in children of Latino farmworkers appears fairly consistent with data from National Health and Nutrition Examination Survey, which showed that Mexican-American boys and girls rebounded at age 5 years on average. 22 Studies from Chile 12 and Japan 14 also suggest AR occurs earlier relative to the samples from Europe 4, 11 and New Zealand. 9 Given the diversity of results, timing of AR may vary substantially between populations. The preponderance of rebound before age 5 years in children of Latino farmworkers may increase their risk of adult obesity.
The strongest determinant of AR onset appears to be maternal BMI, with early rebounders having heavier mothers. Multiple studies have reported a similar association. For example, children with early BMI rebound had significantly heavier (2 BMI units) mothers and fathers compared with late rebounders in a New Zealand study. 9 In a study from the United Kingdom, 23.3% of very early rebounders had at least 1 obese parent, compared with 10.4% of children who experienced AR after age 5 years. 6 Supporting this hypothesis, a genome-wide scan identified 3 chromosomal regions that modulate the age of AR. 27 Maternal BMI, however, is not a pure representation of genetic potential-a mother is likely to share an environment and habits with her child that influence weight. Further research is needed to clarify the pathways through which maternal BMI affects children's growth and whether the relationship is due predominately to environmental or genetic factors.
A unique finding was that presence of documentation allowing legal residence in the US was more common in families of children without an early rebound. Although more research is needed to better understand the implications of this result, undocumented status may be a marker of other risk factors linked to obesity, such as limited access to healthcare, lack of safe and appropriate places for physical activity, and inadequate diet. 28 Undocumented workers earn lower wages, live in lower quality housing, and enjoy fewer benefit programs compared with documented workers. 29 Although documentation status did not predict early AR in the logistic regression, maternal education was significant. Limited education also could be characteristic of families with lower income and poorer living conditions. Less educated mothers may be less aware of healthy weight targets for their children and how a healthy weight can be achieved. 30 One study has shown that children with the highest levels of physical activity experienced AR on average 1 year later than less active children. 31 In contrast, levels of physical activity did not appear to differ significantly between children in different classes in our study. This may be due to the fact the sample as a whole was highly sedentary. 32 Caloric intake did appear to affect AR timing, however, with greater intake predicting earlier AR.
Latino farmworker families contend with multiple socioeconomic disadvantages that further increase the risk of obesity. 33 Parents earn low wages, often live in substandard housing, may need to relocate frequently, experience antiimmigrant and anti-Latino bias, and have limited access to healthcare and government benefit programs. As a result, children may rely on inexpensive, but nutritionally poor, food. 30, 34, 35 Children may live in unsafe neighborhoods and lack appropriate spaces to walk and play. 28, 36 Many Latino mothers rely on television as a "babysitter" and tool to teach children English. 37 Given the deficiency of health services and limited formal education, parents may receive little guidance regarding appropriate weight for their children.
This study has several limitations. The duration of the study was only 2 years, and longer follow-up would have allowed for the identification of AR in more children. Because of the short study period, 35 growth curves were not classifiable, and not all children labeled nonrebounders had data extending at least to the age of 5 years. If the children with unclassifiable data differed in significant ways from the rest of the sample, this could bias the results. Although not a limitation, the study's focus on an underserved and understudied population (Latino farmworkers of North Carolina) lessens the generalizability of the results.
Clinicians can use BMI rebound to identify a child at risk of obesity at an early age, even before significant excess weight gain has occurred. Our results indicate Latino farmworker children are likely to experience what traditionally has been considered an early BMI rebound. Timing of BMI rebound is influenced by maternal BMI, but energy intake also appears important. Delaying AR by maintaining a healthy lifestyle may have significant long-lasting benefits for children's weight. 
